Recent results are presented on the metal enrichment of low-mass star-forming (SF) galaxies in local Universe clusters. The environmental effects on the chemical evolution of these galaxies are discussed. We have used spectroscopic data from the SDSSIII-DR8 and we have derived the gas-phase O/H and N/O abundances. We have then examined the MassMetallicity Relation (MZR) of this sample of cluster galaxies, and we have found well defined sequences. A flattening of the slope of these sequences has been observed for galaxies located in the core of the two more massive clusters of the sample, suggesting that the effect of the cluster environment depends both on the galaxy mass and the host cluster mass. Based on these results we explore cluster-specific effects (e.g. ram-pressure stripping, pressure confinement etc), predicted by hydrodynamic models, capable of yielding the observed massdependent enhancement of the metallicity.
Introduction
The starting point of this investigation is that we know that galaxy evolution is connected with the environment. As galaxies enter to the cluster environment they have their star formation histories (SFH) affected, with a possible enhancement [14, 10] preceeding an eventual shutting down of their star formation [8] . Additionally, they have their gas component severely affected, as confirmed by observations of their atomic and ionized gas [2, 13] .
As galaxy metallicity is a physical parameter directly connected with both the SFH of a galaxy and the gas exchange with the environment, the question that we propose to investigate is whether we can see the effect of the environment imprinted on galaxy metallicity.
According to previous works on the gas metallicity of SF dwarf galaxies in local Universe clusters, the effect of the environment seems to be relevant. In Virgo dIrr, the gas metallicity has not been found to show a clear trend with the environment [29, 15, 26] . Some SF dwarfs in Hydra cluster [5] have been found metal-rich for their luminosities and [27] , comparing the arXiv:1211.1527v1 [astro-ph.CO] 7 Nov 2012 MZR of SF dwarfs in Hydra, Fornax and Virgo, have suggested that differences in the MZR seem to exist for galaxies in such different environments.
Going to a higher mass cluster, the Hercules (A2151) cluster, in a previous work [21] we found that the low-mass galaxies with the highest interstellar medium metallicities are located at the highest local densities, showing also a shift from the general MZR. Given these previous findings we focused here our attention only to the low-mass SF galaxies in a sample of local Universe clusters.
2 Low-mass star-forming galaxies in four local Universe clusters
We used the SDSS spectroscopy to study the chemical abundances of a large sample of SF galaxies with masses from 10 8 to 10 10 M , located within 3R 200 distance around the center of the nearby clusters A1656 (Coma), A1367, A779, and A634. These local Universe clusters span a wide range of masses (12.0, 8.1, 0.5, and 0.7 ×10 14 M respectively) allowing to test the role of the cluster mass in this respect.
We note that selecting only the low-mass galaxies we avoid the aperture-bias of the SDSS spectroscopy [12] as low-mass galaxies have not been found to show metallicity gradients [28] . We used the emission line measures provided by the SDSS-DR8, derived after correcting the spectra for the underlying stellar continuum [25, 3] , an important step to derive accurate metallicities. We also used the mass estimates provided by SDSS-DR8 [11] .
We corrected the line fluxes for extinction and then we computed emission line ratios that we combined into commonly used diagnostic diagrams. The spectral properties of the extragalactic H ii regions have been extensively studied the last four decades [18] and well defined sequences have been found among certain line ratios that our sample of galaxies appear to follow independently of their cluster membership. We then derived the chemical abundances O/H and N/O using the empirical calibrations of [20] and [22] .
In Fig. 1 we plot the MZR of the low-mass SF galaxies in A1656 (left) and A1367 (right). Filled symbols correspond to galaxies located at distances R ≤ R 200 while open symbols represent galaxies located at R 200 < R ≤ 3R 200 . We observe that at lower masses the derived metallicities cover a range of ∼ 0.4 dex while at higher masses the relation becomes tighter, appearing to form a triangle instead of a simple linear correlation. We also observe that at the same bin of mass, galaxies located inside the R 200 region of the cluster are preferentially located in the upper part of the global relation, showing higher shift for the lower masses. The same effect, though to a lower extend, was observed for A1367. In turn, we did not verify this feature for the two clusters of lower mass of our sample: A779 and A634.
We note that we checked and rejected possible biases in the abundance derivation and in the mass estimates. We also checked that this separation is not related to the star formation rate (SFR) of the galaxies, neither the color nor the age of the galaxies (we derived these properties from SDSSIII-DR8 data). Thus we suspect that there must be a connection of this mass-dependent chemical enhancement with the cluster environment. We perform linear fits to the MZR of the galaxies in each one of the four studied clusters and the derived value of the slope is in all cases ∼ 0.3, which is in agreement with the slope of the MZR of a sample of nearby field dwarf galaxies [16] and in agreement with the predictions of hydrodynamic models [7, 4] . For A1656 and A1367 we considered also separately the cluster-core galaxies and the slopes derived show lower values (0.19 ± 0.03 and 0.28 ± 0.03 respectively), principally for A1656, indicating a flattening of its MZR.
This flattening of the MZR reveals that the observed chemical enhancement of the low-mass SF cluster galaxies is mass dependent: it depends on the galaxy mass, being more important for lower mass galaxies and it depends on cluster mass, being more important for the cluster of higher mass in our sample.
We also plotted the N/O versus stellar mass for all four clusters and we found nice correlations, relatively tighter than for O/H. The increased chemical abundance for A1656 low-mass SF galaxies is also observed in the N/O versus mass relation. The N/O ratio is a "chemical clock" [6] indicating that if there is an environmental effect driving the observed difference in the abundances of A1656 low-mass SF galaxies, this effect should be acting at least during 10 8 yr.
There is an important open question regarding the environmental impact on galaxy evolution, which is whether this impact is related with the cluster environment or just the high local density. We addressed this question checking, for A1656 and A1367 galaxies, the residuals in metallicity from the overall fits to the MZR, as a function of cluster-centric distance (Fig. 2) and local galaxy density. We derive local galaxy density to the average of the projected distances to the fourth and fifth nearest neighbors.
We found that the metallicity enhancement is much more prominently observed as a function of cluster-centric distance, reaching a mean difference of ∼0.15 dex in O/H ( (Fig. 2, right) in the center of A1656. For A1367 lower mean differences are observed. Lower difference are observed as a function of the local galaxy density too. Thus, the relevant parameter to affect the chemical evolution should be the presence of the hot intracluster medium (ICM) gas in the central region of a cluster of the mass of A1656.
The proposed scenario
The MZR was first observed as a luminosity-metallicity correlation [17] and then it was understood to be a more fundamental MZR that has been found to hold for large samples of galaxies [25] , spanning the whole range of stellar masses. MZR has been also observed to hold to higher redshifts, although there exist discussions on whether it is a universal relation or there is an evolution.
Despite 30 years of efforts, the physical processes that drive this correlation are not yet fully understood. According to given models the principal mechanism are the gas outflows. Other models advocate either a systematic variation of the IMF, or the so-called "downsizing", or even gas inflows.
Among the most successful models are those proposed by [4] and [7] that introduce an equilibrium picture and momentum driven winds. In this equilibrium picture, the gas-phase metallicity is set by a balance between inflows, outflows and star formation.
In this frame, the environment could affect any of these three parameters introduced in the equilibrium model and in any case the consequence would be the enhancement of the galaxy chemical abundance.
Inflows for example would be curtailed as a galaxy in a dense environment would loose part of its atomic gas [23] and the hot halo gas [1] due to gas stripping mechanisms (e.g. ram-pressure stripping, starvation, tidal stripping, etc).
The outflows would be also altered in an environment of high pressure such as in a cluster core. Hydrodynamic simulations indicate that the pressures reached even at the outskirts of a cluster as massive as A1656 [24] would be enough to cause wind suppression [9] and when the wind speed would reach the point to be lower than the escape velocity, the expelled material would fall back producing a wind reaccretion [19] .
Finally, SFR could be temporally enhanced by the environment, due to effects such as pressure-triggered star formation [14, 10] or galaxy-galaxy interactions.
All the previously mentioned effects are observed in a cluster and some of them are also observed in a group environment. Detailed modeling would be necessary in order to disentangle the role played by each one of these mechanisms. However, as we observed the chemical enhancement primarily for A1656 low-mass SF galaxies, we propose that the mechanisms related to the pressure of the hot ICM should be principally responsible for the observed effects.
We conclude that the enhanced metal enrichment could be produced by the combination of effects such as wind reaccretion, due to pressure confinement by the ICM, truncation of gas infall as a result of ram-pressure stripping and accelerated SFR. We close saying that the environmental impact has been an indirect way to tackle the question of the underlying physical process driving chemical evolution.
